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ABSTRACT

Streptococcus pneumoniae is the most common pathogen for community-acquired pneumonia and 
is also common in nursing and healthcare-associated pneumonia. Pneumococcal vaccine shows clinical 
benefit and 23-valent pneumococcal polysaccharide vaccine (PPSV23) has been introduced in a routine 
immunization program in Japan. However, uptake of PPSV23 remains low, at 40%. One opportunity for 
capturing unvaccinated subjects is hospital referrals. Identifying factors associated with pneumococcal 
vaccination among referred subjects is thus important so that pulmonologists can maximize the capture 
of unvaccinated subjects. We retrospectively reviewed the records of subjects with a first referral to the 
Department of Respiratory Medicine at Hiratsuka City Hospital from September 2017 to March 2018. 
Subjects who were ≥65 years old and lived in Hiratsuka were included in this study. We compared the 
backgrounds of subjects and investigated factors associated with pneumococcal vaccination. A total of 
142 individuals were included in this study and the pneumococcal vaccination rate was 44.4% (95% 
confidence interval (CI), 36.0–52.9%). Of these, 127 subjects regularly visited clinics and/or hospitals for 
any diseases and their pneumococcal vaccine rate was 44.1% (95%CI, 35.3–53.2%). In multivariate analysis, 
chronic respiratory diseases (odds ratio 5.7; 95%CI, 2.2–14.9, P<0.001) and receipt of PPSV23 notification 
(odds ratio 8.5; 95%CI, 2.5–29.0, P<0.001) were positively associated with pneumococcal vaccination. In 
conclusion, chronic respiratory diseases and receipt of PPSV23 notification were positively associated with 
pneumococcal vaccination. However, pneumococcal vaccination rates remain relatively low, even in subjects 
regularly visiting clinics and/or hospitals.
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INTRODUCTION

Pneumonia is one of the leading causes of death in Japan. In addition to being a major direct 
cause of death, pneumonia increases the risks of long-term morbidity and mortality,1 deterioration 
of cognitive function2 and declines in physical function.3 Streptococcus pneumoniae is the most 
common pathogen underlying community-acquired pneumonia (CAP)4 and is also common in 
nursing and healthcare-associated pneumonia.5 In addition to pneumonia, S. pneumoniae can 
cause invasive pneumococcal disease (IPD), which shows high mortality rates of 11–30% in 
developed countries.6 Two kinds of pneumococcal vaccine are available for S. pneumoniae in 
Japan: 23-valent pneumococcal polysaccharide vaccine (PPSV23); and 13-valent pneumococcal 
conjugate vaccine (PCV13). Both PPSV23 and PCV13 have clinical benefit to the elderly. 
PPSV23 reduces the risk of IPD,7 pneumococcal pneumonia (although controversy remains 
regarding the effects on pneumonia)8,9 and death from any cause in hospitalized CAP.10 PCV13 
reduces the risk of pneumococcal CAP and IPD.11 Recently, PPSV23 has been introduced to 
routine immunization programs for the elderly in Japan. Uptake of PPSV23 has increased, but 
is still low, at only 40%.12 One of the chances for capturing unvaccinated elderly individuals 
is when they are referred to hospital, as the proportion of eligible subjects is high in hospital 
settings.13 Identifying the factors associated with pneumococcal vaccination among referred elderly 
subjects is important to increase the uptake of pneumococcal vaccine. The factors associated with 
pneumococcal vaccination in the general population14-17 and immunosuppressed patients18,19 have 
been reported. However, information about factors associated with pneumococcal vaccination in 
referred subjects remains limited. We retrospectively reviewed the records of subjects who were 
referred to the department of respiratory medicine at a tertiary-care hospital and investigated 
factors associated with pneumococcal vaccination, so that clinicians could better capture unvac-
cinated elderly individuals.

PATIENTS AND METHODS

This study was conducted at Hiratsuka City Hospital, a tertiary-care hospital with 416 beds 
located in Hiratsuka, in the middle part of Kanagawa Prefecture in Japan. 

We retrospectively reviewed the records of those subjects referred to the Department of 
Respiratory Medicine at Hiratsuka City Hospital for the first time from 28 September, 2017 to 
1 March, 2018. All subjects who visited our department for the first time were routinely asked 
if they had received pneumococcal vaccination.

Subjects who were ≥65 years old and lived in Hiratsuka were included in this study. Subjects 
for whom data were lacking were excluded. Uptake of pneumococcal vaccine was self-reported. 
We compared the backgrounds of subjects and investigated factors contributing to the uptake of 
pneumococcal vaccine.

In Japan, the national vaccination program for pneumococcal vaccine started in 2014. Indi-
viduals turning 65, 70, 75, 80, 85, 90, 95 or 100 in the fiscal year are eligible for municipal 
subsides. Only PPSV23 is supported by this program. Hiratsuka City joined this program and 
started subsides from 2014. All citizens have since been receiving notifications from Hiratsuka 
City by mail when they become eligible.

Data are presented as median and range unless otherwise specified. EZR version 1.37 (Saitama 
Medical Center, Jichi Medical University, Saitama, Japan)20 was used for all statistical analyses. 
Comparisons were made using the t test or Mann-Whitney U test for continuous variables. Cat-
egorical variables were compared with Pearson’s chi-square test or Fisher’s exact test. Multivariate 
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analysis was performed by logistic regression analysis for factors showing values of P<0.15 in 
univariate analysis. Statistical significance was set for values of p<0.05, and all tests were 2-tailed. 

This study was approved by the institutional review board at Hiratsuka City Hospital (approval 
no. 29-086). Due to the retrospective nature of this study, the need to obtain written informed 
consent was waived.

RESULTS

Figure 1 shows the flow diagram of the study. A total of 265 individuals were referred to 
our department between 28 September, 2017 and 1 March, 2018. Among these, 154 subjects 
were ≥65 years old and lived in Hiratsuka. Of these 154 subjects, 12 were excluded (11 due 
to lack of data, 1 for whom history was difficult to elicit due to dementia). Finally, data from 
142 subjects were analyzed in this study.

Table 1 shows subject characteristics. Median age was 76 years (range, 65–99 years) and 78 
subjects were male. Seventy individuals were past smokers, 10 were current smokers. Regular 
visits to clinics and/or hospitals for any disease and for internal diseases were reported for 89.4% 
and 83.1% of subjects, respectively.

The pneumococcal vaccination rate was 44.4% (63/142; 95% confidence interval (CI), 
36.0–52.9%) in all subjects, 44.1% (56/127; 95%CI, 35.3–53.2%) among those who regularly 
visited clinics and/or hospitals for any diseases, and 43.2% (51/118; 95%CI, 34.1–52.7%) among 
those who regularly visited clinics and/or hospitals for internal diseases.

Table 2 shows a comparison of subjects with and without pneumococcal vaccination. In vac-
cinated subjects, frequencies of chronic respiratory disease and receipt of notification of PPSV23 
from the municipality were higher than in those without vaccination. Sex and use of systemic 
steroids and/or immunosuppressants also tended to differ between groups, but the differences 
were not significant.

Logistic regression analysis was performed for chronic respiratory diseases, receipt of PPSV23 
notification, sex and use of systemic steroids and/or immunosuppressants. Chronic respiratory 

Fig. 1 Flow diagram of the study
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Table 1 Background characteristics of subjects (n=142)

Sex, female:male 64:78

Age, years 76 [65–99]

Smoking history (current/ex/never) 10/70/62

Pneumococcal vaccination  63 (44.4%)

Comorbidities

Chronic respiratory disease a  36 (25.4%)

Cardiovascular disease b  27 (19.0%)

Collagen vascular disease c   5 (3.5%)

Diabetes  24 (16.9%)

Active malignancy   5 (3.5%)

Regularly visiting clinics and/or hospitals for

Any disease 127 (89.4%)

Internal disease 118 (83.1%)

Use of systemic steroid and/or immunosuppressant   5 (3.5%)

Receipt of PPSV23 notice from municipality 110 (77.5%)

Reason to visit our hospital (radiographic abnormality d)  62 (43.7%)

Definitive diagnosis

COPD and/or emphysema  17 (12.0%)

Chronic lower respiratory tract infection  16 (11.3%)

Lung cancer e  14 (9.9%)

Pneumonia   9 (6.3%)

Asthma   6 (4.2%)

Interstitial lung disease   5 (3.5%)

Other disease f  22 (15.5%)

No newly diagnosed lung disease g  47 (33.1%)

Unknown h   6 (4.2%)

Data are presented as median [range] or number of patients (%), unless otherwise specified. COPD: 
chronic obstructive pulmonary disease.
a  Chronic respiratory diseases include chronic obstructive pulmonary disease, asthma, interstitial lung 
disease, old pulmonary tuberculosis and bronchiectasis.

b  Cardiovascular diseases include old myocardial infarction, angina pectoris, valvular diseases, congestive 
heart failure, aortic aneurysm, peripheral artery diseases.

c  Collagen vascular diseases include rheumatoid arthritis, Sjögren’s syndrome and antineutrophilic 
cytoplasmic antibody-associated vasculitis.

d From annual lung cancer screening or medical check.
e Metastatic lung cancer is included (renal cell carcinoma, n=1; breast cancer, n=1).
f  Other diseases included ground-glass nodules under follow-up (n=4), pleural plaque (n=3), chronic 
bronchitis (n=2), heart failure (n=2), pneumothorax (n=2), post-infectious cough (n=2), tuberculosis 
(n=2), acute bronchitis (n=1), bronchiectasis (n=1), pulmonary arteriovenous malformation (n=1), 
pulmonary hypertension (n=1) and thymoma (n=1).

g  Subjects referred to our hospital because of abnormal shadow on annual lung cancer screening or 
medical check, but showing no lesion or only old inflammatory change on chest computed tomography.

h  Subjects with lung opacity that improved spontaneously (n=4), hemosputum of unknown cause (n=1) 
or loss to follow-up (n=1).
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diseases (odds ratio 5.7; 95%CI, 2.2–14.9, P<0.001) and receipt of PPSV23 notice (odds ratio 8.5; 
95%CI, 2.5–29.0, P<0.001) were positively associated with pneumococcal vaccination (Table 3).

DISCUSSION

In this study, pneumococcal vaccination rates were 44.4% and 44.1% in all referred elderly 
subjects and in referred elderly subjects under treatment for any diseases, respectively. Chronic 
respiratory diseases and receipt of PPSV23 notification were positively associated with pneumo-
coccal vaccination.

Multivariate analysis showed that subjects with chronic respiratory diseases were more likely 
to undergo pneumococcal vaccination. This is in accordance with previous studies in the general 
population14-17 and immunosuppressive patients.18,19 Christenson et al showed that the pneumococ-
cal vaccination rate was higher among subjects with chronic lung diseases in the Swedish general 

Table 2 Comparison of patients with and without pneumococcal vaccination

Pneumococcal 
vaccination (+) 

(n=63)

Pneumococcal 
vaccination (–) 

(n=79)
P

Age, years 76 (65–91) 76 (66–99) 0.990

Sex (female:male) 33:30 31:48 0.130

Smoking history (never/past+current) 31/32 31/48 0.307

Comorbidities

Chronic respiratory disease 26 (41.3%)  9 (11.5%) <0.001

Cardiovascular disease 15 (23.8%) 12 (15.2%) 0.205

Collagen vascular disease  1 (1.6%)  4 (5.1%) 0.382

Diabetes 11 (17.5%) 13 (16.5%) 1.000

Active malignancy  3 (4.8%)  2 (2.5%) 0.655

Regularly visiting clinics and/or hospitals for: 

Any disease 56 (88.9%) 71 (89.9%) 1.000

Internal disease 51 (81%) 67 (84.8%) 0.653

Use of systemic steroid and/or immunosuppressant  0 (0%)  5 (6.3%) 0.066

Receipt of PPSV23 notice from municipality 59 (93.7%) 51 (64.6%) <0.001

Reason for visiting our hospital 
(radiographic abnormality a) 26 (41.3%) 36 (45.6%) 0.615

Data are presented as median (range) or number of patients (%).
a From annual lung cancer screening or medical check

Table 3 Logistic regression analysis for factors associated with pneumococcal vaccination

odds ratio [95%CI] P

Chronic respiratory diseases 5.7 [2.2–14.9] <0.001

Receipt of PPSV23 notice from municipality 8.5 [2.5–29.0] <0.001

Sex (male) 0.7 [0.3–1.4] 0.305

Use of systemic steroid and/or immunosuppressant – 0.988
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population.14 Among rheumatoid arthritis patients, the presence of lung disease was associated 
with recommendation for pneumococcal vaccination by physicians.18 However, other diseases 
such as diabetes, rheumatoid arthritis and cardiovascular diseases increase the risk of CAP.21 
In addition, even age increases the risk of CAP.21 However, vaccination rates in subjects with 
any diseases or internal diseases were unsatisfactory. In this study, 89.4% of subjects regularly 
visited clinics and/or hospitals for any diseases, but the vaccination rate was only 44.1%. Even 
among subjects who regularly visited clinics and/or hospitals for internal diseases, only 43.2% 
were vaccinated. All doctors should recommend pneumococcal vaccination to their patients ≥65 
years old, as advice from a family physician increases the uptake of pneumococcal vaccine15 
and the main reason stated by unvaccinated subjects with rheumatoid arthritis or inflammatory 
bowel disease is absence of a recommendation from their physician or healthcare professionals.18,19

Subjects who were eligible for the subsidy and received notification from the municipality 
were also more likely to be vaccinated. This is in accordance with a previous study by Shono et 
al, who reported that eligibility for subsidies is related to uptake of pneumococcal vaccination.16 
However, even among subjects who received notification, the vaccination rate remains unsatisfac-
tory (53.6%). Better knowledge about vaccination and recommendations are positively associated 
with vaccine uptake.19,22-24 Notification with informative explanations might help increase vaccine 
uptake.

We excluded subjects living outside of Hiratsuka. Public subsidies for vaccination differ among 
local municipalities and larger public subsidies significantly elevate vaccination rates.25 We could 
thus exclude the effect of this difference by focusing on subjects in Hiratsuka.

This study had some limitations. First, the retrospective design meant we could not analyze 
some potential confounding factors, such as recommendations from family physicians and socio-
economic status. In particular, as mentioned above, absence of a recommendation from their 
physicians was negatively associated with vaccine uptake. Collecting such data is difficult in a 
retrospective study. Other factors in this study were taken from face-to-face interviews, which 
might have improved the reliability of responses. Second, we included subjects with pneumonia, 
and vaccination rates in pneumonia and other diseases might differ. Referral for pneumonia 
was not found to be related to vaccination uptake in this study (data not shown). However, 
correlations might become apparent if such a study included a larger number of subjects. Third, 
uptake of pneumococcal vaccine was self-reported. Self-reports are known to overestimate vac-
cination rates.26 However, the vaccination rate in this study was roughly the same as the rate 
reported for Japan.12 Fourth, we only asked about uptake of pneumococcal vaccine, not uptake 
of each pneumococcal vaccine (PPSV23 or/and PCV13). Prospective studies are thus warranted 
to confirm our findings.

In conclusion, chronic respiratory diseases and receipt of PPSV23 notification from the 
municipality were positively associated with pneumococcal vaccination in referred elderly indi-
viduals. However, the pneumococcal vaccine rate was relatively low in referred elderly subjects, 
although most were regularly visiting clinics and/or hospitals. All doctors should recommend 
pneumococcal vaccination to patients ≥65 years old. Clinicians should check if the referred 
patients have received pneumococcal vaccination, even if they regularly visit clinics and/or 
hospitals for chronic diseases.
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